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1.0 INTRODUCTION 


1 Snace Shuttle pavelopment — Phase j. 

Deve I opmen t of the Space Transportation System (STS) 
encompassed the study of a large number of conceptual 
designs and an extensive wind tunnel testing program. 
Phases of the development program are Identified as: 


Phase A - Concept Feasibility Studies - 1969-1970 

Phase B - Preliminary Design Studies - 1970-1972 

Phase C/D - Design and Development - 1972-1983 


Our i n g the Phase A and B periods, completely reusable 
systems were studied including the -flyback- booster. 
However. due to the large cost of the completely 
reusable concept. NASA decided at the end of the Phase 
B period to employ an expendable booster design. 
Phase C/D design and development was then concentrated 
on a two-stage, parallel-burn booster system concept. 


In the development stage (Phase B) of Space Shuttle 
design, extensive wind tunnel data were acquired for a 
variety of alternate configurations. These data were 
accumulated, converted into standard formats, placed in 
a data bank and documented. This work was performed by 

Corporation Military Public Electronic 


■) 


the Chrysler 



Systems. Michoud Engineering Offi 
NASA /MSFC . 


ce under contract to 


0. v . I opme n t a t configuration, considered for early Space 
Shuttle studies .ere ..fr.m.ly varied. Theee Included 
winged "flyback boo. I. re." "Inline" 
vehicle, and "para.,., ,,.,.d" orb i t -boo. t er 

combination,. Wind tu.net mod.,, of th. 

..hie,., were te.t.d both , h . 

configuration,. Aerodynamic. alrtu.d, ... 

data were collected and compiled from lour 
me, or contractor, and parallel NASA directed .tudlee. 

doc urn. n t e d individually through a ,.,i,, 
»< NASA technical report,, con, rector report, ,„ a 
reports. The digital data and as.ociatad deacriptlve 
documentation which .ere archived have been maintained 
end ere available for ongoing application,. 

Current advanced launch vehicle .tudie, are f.cu.lng on 
many of th. approach., considered during origin., Sp . ce 
ttle studies. Available wind tunnel data for 

configuration, similar to tho.e current,, being 

can be highly valuable to th. 
design engineer. 


Ih. archived Phase 0 da,, i, ...it.bt. to ,h. technical 
common, ,y Extract, ,, descriptive 


10 



configuration sketches, and digital test data have been 
compiled and are reported herein to facilitate use of 
the large data bank for booster, orbiter and launch 
configurations. 


2 Phrvsler’s Test Databas e and Archive 


Extensive Chrysler involvement In wind tunnel data 
application on NASA programs prior to the Space Shuttle 
resulted in development of complex computer systems for 
automating these processes. These processes Included 
automating the management and database functions in 
addition to automating the engineering data 
applications and computer graphics. These combined 
functions were reflected in the name DATAMAN. 


The Chrysler developed Data Management System C DATAMAN ) 
was used to develop design applicable aerodynamic data, 
generate extensive plots and cross plots, document, and 
database wind tunnel test data from the Space Shuttle 
Phase B test program under contract to the NASA /MSFC . 

Chrysler initiated the DATAMAN project in early 1970 
and continued through both the Phase B and Phase C/D 
test programs. Extensive management procedures were 

I 

devised to effectivley identify and track the expected 
large volumes of data to be generated by a number of 
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contractors, and a variety of Phase B configurations. 
Hence, a means of conveying descriptive information 
relative to the configurations and associated data was 
required. 

A four digit report Identifier was assigned as initial 
test inputs were made to the DATAMAN system to track 
end report activities on individual tests. For the 
Phase B test program, these identifiers were DMS-DR- 
1001 through DMS-DR- 1278. Thus, approximately 278 sets 

of ,e5t results were processed, documented, and 
databased. 

The assignment of identifiers was sequential and they 
are, therefore, chronological throughout the Phase B 
configuration management. Many other identifiers are 
associated with individual tests such as configuration 
type, NASA series number, test facility designations 
and contractor(s) involved. 

Each test was documented in a DATAMAN test data report, 
test data were archived in standard DATAMAN formats, 
and salient tracking information was compiled. All 
these were disseminated to NASA technical and program 
management personnel for technical assessment of the 
data and managing the overall test program. 
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,.3 O f'- " Tl " lrHQ.mHi . tt Jl 

effort Involved eatracting end compiling Phnee 8 
d.t. content, end descriptive Information from the 
archived test data bank and documentation file. 

01,, 1. 1 databe.e file, contained a min of basic tunnel 
recorded date and calculated analysis data used tor 
graphic displays. These files were r educed to ba. i c 
tunnel data and structured by configuration tested and 
contractor. « series of catalog report, were assembled 
,o provide . re.dily eccesslbl. overview of test 
results available for future space transportation 
system studies. 

These cat. 10, reports ... in incasing levels of 
g.,.11. Th. first level consists of summary tables 
and selected sketches. These enable th. use. to scan 
for possible application, to his ongoing work. 

For a promising or likely end, date configuration, th. 
use, can proceed to the second level «- <«<•" « 1 '*” 
all available co n I I g u r a t i on sketches and test 

conditions are compiled. 

Th. third level of detail is the digital data file. 

where tunnel recorded data resides. 
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2.0 COMPILATION OF PHASE B DATABASE ARCHIVE CONTENTS 


2 • 1 Comp i I a t I on Outline 

Roaults of the Phase B database compilation 
contained in the following list. 

1) Summary catalog reports DMS-DR-01, 

containing an overview of database 
contents and availability. 

^ A three volume catalog report, 

DMS-DB-02 , containing configuration 
sketches and conditions tested. 

The three volumes correspond to 
booster, orb i ter and launch test 
configurations. 

35 A of magnetic data tapes 

containing available digital files. 
These are also structured by 
configuration and are described In 
transmittal documents DMS-TD-Ot 
through 03, corresponding to 
booster, orblter and launch test 
configurations, respectively. 


are 
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„ a dl rectory «UM.. i n * 0 rm * * ' on 
( arms 1 1 ed .or ... »-»*” 
database system. 

, the database is 

Document.. ion o. .0. con.."<» 

„ in two riper tt i DMS-OB-Ot .nd OMS-D0-O . 
contained in two r«p 


2 2 Snmma r y Vo 1 urn ^ 

' document tOMS-OB-OU - 

r.,.,. .......... ,,m a, -' 7 ; 

t ., te d during the Space 

the various configurations 

r(im Tabular information from 

Shuttle Phase B program. 

fj)e la included and is divided by 
the directory f 

, * r ft nd launch) and by 

component COOOI.er, orO.t.r .nd 

„ , a i r I oad s and heat 

te ,t discipline (aerodynamics, 
transfer). 

, , j r.e . i nform ation 

2 3 MoJ-lJ and TeU — 

The second docum.n. CDMS-DB-02. >• * "•» 

report contain.", extract. trom th. — 

. _ _ . and c o 1 I a t I o n 

All line drawings and 

“’* The three u.lum.e 

,h..t ./run ichedulee ere rnctuded. 

* r iflssif icat lonsi 
n . t the three component 

cor respond tom 

hooeter. orbit. r end launch, »....«■«'»• A1 '' 

..outer tn.ormetton „om the 

i eh i . test I nf ormat ion . 

an outline of available test 
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Structure of the tab.ee and sketches ,, by component 

8,1(1 t89t d ' SC,pMne sorting by con f , gu r a l , on and 

contractor. Each booster ^ ^ 

configuration tested are assigned a 2-character code 
for purposes of grouping and sorting. 

These codes are 






General 

ton f mural mn 


Booster 

- B 1 
B2 

63 

64 
B 5 



Canard 

Cylindrical 

Oe 1 ta Wing 
Straight Wing 
Unique 


Or b i t e r • 

- 0 1 
02 

03 

04 



Oe 1 t a Body 
Delta Wing 
Straight Wing 
Unique 


Launch con f i gu r a t i 

o n s 

tested 

■re identified 

by a 

c omb i na t i on of 

the 

above 

codes . 

Test infor ma t i 

on i s 

Also sorted 

by 

i n d i v 

(dual 

con tractors and 

NASA 

centers. Acronyms 

for 

these 

con tractors and 

test 

facilities are 

presented 

in the 

front ispiece. 



" be oo. .a .0.. individual m . y c , 

** configurations. Fo , e,.mp,.. 

ana otbit.r a, on. a. , a k . „ 

with launch con M go r . , i in , 

TO. .... wou i a appaa, ,. 6u ,. r , #r >(| 

•Pbl icabla =. a. ait, cat, on,. b„. 

scneaulas «oula ba mcluaea only ,n In, |. u „ cB 

section. Cross ralaraneas ara provideo in the lodes 
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Of Figures for this case and 
booster or orb. ter configuration 
in the same test. 


a | 5 o where multiple 
codes were involved 


O.r.ctory information dl. played <">"* '• * *'" 1 

. provide inform.., on oniy -or <- 

in fha. individual voiuma. Table. 2 »"d 5 

a for all tests and components. An 

display information 

* 4 k a three volumes is 

outl.n. of th. content. of tit. tnre. 

i i rated in the Index of Table. . 


2 4 piQital Da tabase 

didit.l d.t.o... ,Be °' 

l. O.t. a. a. content, opreaent data a. reeved 

from the test facility. However. for »om. ...t. an 

additional. calculated. coefficient 

, needed. .cnedule. are ma i n l y a 

second axis * system or extract data from 
balance teat. Individual dataaeta witltin a tile 
encoded with th. configuration cod. m th. header 

.nf^rmat I on . 


Tea. da. a are ator.d on f,». ">•«»•* 
in,,, tape. 9-t rack , 6250 FPI . 


1C data tapes . 
ASC II format. 
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File contents are: 

Con f i g . 


T a o e ♦ 

Comoonen t 

»F i 1 e s 

#Da t a s e t s 

9 

Codes 

i 

Booster - 

Ae rodynami cs 

53 

4.216 

B1-B5 

2 

Or b i t e r - 

Ae rodynami cs 

89 

4 . 500 

0 1+02 

3 

Or b i t e r - 

Ae r odynami cs 

20 

1 .962 

03 + 04 

4 

Launch 

Aerodynami cs 

34 

4.034 

B1-B3 

5 

Launch 

Aerodynami cs 

19 

637 

B4 + B5 


- 

Airloads 

4 

1,182 

ALL 



Heat Transfer 

1 

2 1 

ALL 



Total 

220 

16.552 



Specific test locations on the digital database are 
s h own in table 6 . 

2 . 5 Directory File 

The directory data file was constructed to assist in 
the categorization of tests and to generate tabular 
reports. 

Information was extracted from existing administrative 
reports and from individual test data reports. The 
file was created using the R-base relational database 
system by Microrim. A description of the table 
information is as follows: 
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Table: OHS-OR* 

PaBBPord . NO 
hoiiif'j Passwnrd. NO 


Column de-f 
ft Nam« 

1 OR* 

2 CR» 

3 TMX* 

A NSN 
3 «UGl_ 

6 oai_* 

7 PUC . DATE 
Q UlNEfr 

9 TESTTYPE 

10 CO.nP 

11 ecc 

12 DEC 

13 6— GODE 

1 a o-CONTRA 
13 a -CODE 

16 O-CONTRA 

17 FAC 
13 TUN 

19 TEST 11= 

20 FAC-TGTJt 

21 MACH 
rz n 


SCAt-E 
13 OriS— CODE 
= 4 B-TYPE 
0-TYPE 

26 CONFIG 

27 PURPOSE 
2B TITLE 

oo PPOJ . ENG 

30 OMS-ENG 

31 corinENTS 


ini lions 
T«jp« 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 


Length (Characters) 

A 

e 

12 

14 

1 

1 

13 

1 

13 

7 

3 

3 

13 

10 

13 

10 

5 

6 
13 
26 
13 
12 

6 

23 

33 

220 

130 

230 

173* 

30 

130 


Currnni number o-f rouS ' 


488 


Description 


DATAMAN Report Number 
Contractor Report Number 
NASA TMX Report Number 
NASA Test Series Number 
Number of Report Volumes 
Report Volume Number 
Report Publication Date 
Print Key for Tabular Report 


Test Discipline 
Test Component 
Booster Configuration Code 
Orbiter Configuration Code 
Booster Classification 
Booster Model Contractor 
Orbiter Classification 


Jrbiter Model Comtractor 
rest Facility 
rest Wind Tunnel 

Test Number 

Mach Number Range 
Model Scale 

Two Character Oataset Identifier 
Booster Configuration Type 
Orbiter Configuration Type 
Description of Configurations Tested 

Major Test Purpose 
Data Report Title 
Contractor/NASA Test Engineers 
DATAMAN Cognizant Engineers 
Directory File Comments/Exceptions 
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2 6 to Phas» B Oatabn..,. 


User, of the Chrysler Phase B database have varying 
••vel, of detail available for review. a typical 

appl i5 to investigate s im. I a r j t I es between 

current preliminary configuration design. and 
configuration, tested dur.ng Phase B. As an example, 
current applications may be representative of a winged 
flyback booster with canard,. To research this 

configuration the user could follow the steps 

illustrated below: 


Step 1 - 


PM3-P8-01, fjunun.ry Ttl( , repor( wou|a ^ 

to identify configurations of in,.,.., 
•nd oorresoonding configuration types and 


contractors. 


Booster Type 
CANARD 


CYLINDRICAL 


INOEX OF MODEL FIGURtS - BOOSTER 


Contractor 


MOAC/MMC 


. PAGE NUMBER 

Aeroeynamics A-irloaas rleat Tr ansfer 
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CfaKSlNAL PAGE IS 
OF POOR QUALITY 
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Step 4a- 


>ataaet/Run m 


umber 


collation sheets t 
«ngle of at tack/s id 


• nd con t ro I surf 


Lfi-L, 'at ion Summary, Examine 
o determine teat Mach range. 
e * Mp ranfles ’ conf igurat ions 


acea/par ame trie conditions. 


CONFIGURATIONS 
TESTED 


facility TEST 
maiber 



page is 
of POOR QUALITY 





Step 4b- 


C-F rC : i< 

r^nfin.iratlon Sketches , Ex.m.ne configuration 
sketches to obtain model and aerodynamic detail* 
such as model dimensions. wing type. canard 
surfaces, tail surfaces, body shape. etc. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

eP 5 - Table 2. 0 MS-DB -02 ■ Vol t , Refer t 

determine publication availabili 
report, contractor report or NASA publication. 


o table to 
t y : data 



ep 6 


Test Documentation j 
to obtain test proc 
data presentation. 


Refer 

to test 

d 0 

e d u r e 3 . 

model 

d e 


c ume n 
scrip 


t 

t 


a t i o n 
ion and 
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niniui Database . Table 2 in OMS-OB-OI (Table 6 In 
DMS-DB-02 ) » the user, after determining 
applicability, can access the test data from the 
digital database files for further analysis and 


application. 
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3.0 NOMENCLATURE AND AXIS SYSTEMS 

A standard set of nomenclature and axis systems 
definitions for DATAMAN reports were established 
during the Phase B test period. They were compiled 
from inputs from the various contractors and test 
facilities involved in the test program and are shown 
on the following pages. 

Additions to the standards were required for 
individual tests due to the many configurations 
investigated. These additions are documented in the 
individual test data reports. 

Numerous reference dimensions and moment reference 
center locations were used by the varius contractors 
for the many configurations tested. Model reference 
dimensions and moment center locations for each 
configuration are described in the individual test 
data reports. This information is also contained in 
the header block of each dataset on the digital 
database. 
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NOMENCLATURE 

General 



SAOSAC 

DEFUnTlON 

SYMBOL 

STMBOL 



6peed of sound; m/sec, ft/sec 

Cp 

CP 

pressure coefficient; (Pi - P®)/<1 

M 

MACH 

Mach number; V/a 

n 


pressure; N/m^ , psf 

q 

q(nsm) 

Q(PSF) 

dynamic pressure; 1 /2pV * , N/m~, psf 
unit Reynolds number; per m, per ft 

rh/l 

rn/l 

V 


velocity; m/sec, ft/aec 

a 

ALPHA 

angle of attack, degrees 

0 

BETA 

angle of sideslip, degrees 


PSI 

angle of yaw, degrees 

4> 

PHI 

angle of roll, degrees 

p 


mass density; kg/m 3 , slugs/ft 3 

r 


Bpference & C.G. Definitions 

Ab 


base area; m^, ft^ 

b 

c.g. 

EREF 

wing span or reference span; m, ft 
center of gravity 

/rEF 

c 

IREF 

reference length or wing mean 
aerodynamic chord; m, ft 

S 

SREF 

wing area or reference area, m , ft 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference point on Y axis 


ZMRP 

moment reference point on Z axis 

SUBSCRIPTS 


K 


base 

U 


local 

1 


static conditions 

S 

+. 


total conditions 

u 

o 


free stream 
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CASUAL PAGE is 
POOR QUAUTY 


SYMBOL 

SADSAC 

SmBOL 

NOMENCLATURE (Continued) 
Body-Axis System 

definition 


% 

CJ 

normal -force coefficient 

. normal force 

C A 

CA 

axial-force coefficient; 

qS 

axial force 

°r 

CY 

side-force coefficient; 

qG 

cide force 
qS 

C *b 

CAB 

bn sc -force coefficient; 

b'mr force 

c *f 

CAF 

" A b(pb - P-J/qs 
forebody uxiul- force coef: 

q c 

ficient, C A - C A 

cl. 

CIM 

pitcfcing-moment coefficient; pitching moment 

Cn 

cr; 

yawing-moment coefficient; 

yawing moment 

C l 

CBL 

roiling -moment coefficient 

q£b 

; rolling moment 


C L 

CD 

Staoilitv-Axls Svctem 
lift coefficient; 


<dj 

CD 

q5 

drog coefficient; drag 


cP 

c r 

CDB 

qs 

base-drag coefficient? bane drag 


C U 

[J r 

CDF 

qG 

fore body drag coefficient; C fJ - C a 


c r 

CY 

3ide -force coef f lei pnt • side force 


On 

CLM 

qG 

pitefting-moment coefficient: pit chi 

og moment 

r 

CLTI 


qS/nEF 

''n 

yawing-moment coefficient* yavinix m 

omen t 

c / 

CCL 

qSb 

rolling -moment coefficient? rolling 

moment 

l/d 

l/d 

qSb 

lift-to-drag ratio; C^/Cq 



28 



Positive directions of force coefficients 
moment coefficients, and angles are 
indicated by arrows* 


ORIGINAL PAGE K5 
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Table 3.1.2 - Continued 

Space Shuttle Phase B Wind Tunnel Test 
Database Chrysler OATAMAN Report Titles 
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Table 4.3.2 - Concluded 

Space Shuttle Phase B Wind Tunnel Test 
Database Test Engineers and Test Purposes 

Orbiter Heat Transfer 
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Figure 3 . H-33 Qrbiter Without External Tanks 
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Figure 3- H-33 Qrbiter Without External Tanks 
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Figure 3. H-33 Qrbiter Without External Tanks 



/ ' . TABLE II. 

TEST’ : i SZZ R6 and 88 DATA COLLATION SHEET 



















































































DELTA WING ORB I TER 
GAC 

DR* 1 2 3 9 B - 1 - 98 



>ment of orbiter and location of roughness. 



COLLATION SUMMARY 



























tabus 1 (Continued) 

TE8T DATA SET/RUN HUMBER 

COLLATION SUMMARY 


QC 

o 



LU 

o 



h- 




03 

I 



CE 

w— 



O 

1 


H 


CO 

h 

80 

o 


CO 

M 

z 


u 

H 

i 

00 

H 

l>l 

H 

CO 


<M 

« 

O 

2 o 

— 

ft. 

ft. 

-» a 

UJ < 

♦ 

cc 

□ 

a 

O 

o 





N 

8 


Kvj 


r .• 

* QUALITY 























TABLE 1 (Continued) 

TEST &EJIT-6/ data set/run number 



DPVA£(1)| 10PVAR(2)|NDT 

























H £ 

00 fa) 

“ H 

£ £ 
H oo 

A O 

a a 


i mini nim m 

B8RBBBBR8 

mmm 

iEGBSS9EBS9EBSBSii 

lg|BS55EB59|BSSEsSsS9 

BGi99B9E9S99BSS99BBE& 


$ S 


II. 

I 

I1BEEEEEEBBB EEEEEEEEE1 


original pacsE >s 
of poor ?zjj.i.rr* 


OF POOR 























rAR(l)|lDPVA*(2)|HDV 



















TA WING ORB 




0.031 leading adgt radius 0.031 leading edge radius 


(pUGINAL PAGE & 

0E POOR QUALflY 



DELTA WING ORBITER 
LARC 

DR# 112 3 B- 1 - 107 









































































I 

o 

tt. 

** 

m 

< 

< 


ORIGINAL PAGE 
OF POOR QU*^ 


DELTA WING ORBITER 
LARC 

DR# 1168 B- 1 - 109 
















































DELTA WING ORBITER 
LARC 

DR* 1168 B- 1 - 110 



Figure 2.- General arrangement of delta wing orbiter model 

All dimensions are in inches. 
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Figure 10. Drawing of Vertical Fin and Budder 
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Reference Dvg. C0N-770-1603-MD02 

Figure 3.- Basic fuselage B. of the Delta Wing Orbiter Model 
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Figure 4.- Wing, W 3 of the Delta Wing Orbiter Model with 
elevators (E) ailerons (A) and body flap (Fj). 
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Figure 5.- Vertical tall CVj) and rudder (* 3 ) of delta 
wing orblter model. 
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(alternate - not cambered) with ailerons. 


: ■ 


) 


325 


) 


DELTA WING ORB I TER 
MD AC 

DR# 1 0 7 2 B - 1 - 223 



DELTA WING ORB I TER 
MDAC 

DR# 1 0 72 B- 1 - 224 



B.L. O.OOO. B..L. 4.560 




Notes: 

1. All dimensions ore modol ocalc in inches. 

2. L.1I. aileron deflects +20* (T.B. do\m) and R.H. aileron doflects -20* 
(T.K. up). 

3. Wi win(; has cambered airfoil. 
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Figure 12.- Straight wing nodal horizontal tail (Hj) and elevator (Ej). 
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Figure 13.- Straight-wing model horizontal tail (H^). 
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Figure 15.- Straight-wing model vertical tail (Vj) end rudder CRj)»y., 0 
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Figure 19.- Delta-model vertical CVj) and rudder (Ilj). 
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